ABSTRA CT This paper describes a method for isolating and studying the metabolism of human eccrine sweat glands. (a) Electron microscopy of glands which had been isolated and then incubated for an hour revealed no apparent alteration in morphology. (b) Known variation in gland size (male > female > children) was reflected in the relative rates of lactate production. (c) Lactate production was approximately 1.5 nmoles/ gland per hr in the absence of glucose and rose to 2.7 at physiological concentrations of glucose (5.6 mmoles/ liter). This amount of lactate production agrees well with the amounts found in sweat. (d) Both adrenergic (epinephrine) and cholinergic (methacholine) stimuli increased lactate production. (e) Glycogen depletion was demonstrated during incubation. (f) 02 consumption was measured and aerobic metabolism was found to account for less than 1% of the energy derived from anaerobic pathways.
INTRODUCTION
Studies of the in vitro metabolism of human eccrine sweat glands have heretofore been limited to those of Kosaka (1) , who measured C02 production in skin slices, and those of Schulz et al. (2) , who made preliminary observations on the production of lactate by a single surviving sweat gland under nitrogen. We therefore have developed an in vitro system in order to study the energy metabolism and the manner in which This work was presented in part at the meeting of the American Physiological Society, 21 April 1968, Atlantic City, N. J.
Received for publication 27 April 1970. sweat glands are affected by pharmacologic stimuli. Since lactate is the major organic constituent of sweat, its production was used as an index of the activity of the isolated glands.
METHODS
Microdissection and incubation. Human eccrine sweat glands were obtained from surgical or biopsy specimens of skin. The specimens were immediately placed in a modified Krebs buffer containing the following: 140 mm NaCl; 5 mmi KCl; 25 mm Tris-HCl (pH 7.4); bovine serum albumin, 1%; and 1.25 mm CaCl2. All subsequent procedures up to the time of incubation were performed at 4VC. If the skin specimen was thicker than 2-3 mm, a Stadie-Riggs tissue slicer was used to allow dissection of more glands by exposure of additional surface area. To approximately 10 cc of cold buffer containing the skin specimen, several drops of a 1% solution of methylene blue were added and, after mixing, the skin was kept in this solution for about 15 min. It was then rinsed in fresh buffer and placed in a small Petri dish which was kept at approximately 4VC. Using a binocular dissecting microscope and two pairs of stainless steel Dumont No. 5 microforceps, the microdissection was performed. The bluetinged secretory coils of the eccrine sweat glands were easily visible against the white background of collagen fibers. After carefully teasing away the loose collagen immediately surrounding the gland, it was possible to lift the secretory coil out from the adjacent tissue by picking up some of the few collagen fibers still adhering. Using this technique, the secretory coil was separated from the straight part of the sweat duct. After transfer to a second Petri dish of fresh buffer, remaining collagen fibers and fat cells were removed It was possible to dissect as many as 30 glands per hr. From 5 to 10 glands were then transferred to each of several small test tubes containing 0.6 ml of the above buffer. At 0, 30, 60, and 120 min of the incubation at 370C, 0.1 ml samples were removed and frozen for lactate determination. Although treatment with methylene blue facilitated dissection of the glands, it was possible to remove them without supravital staining. In several experiments, simultaneous determinations of lactate production from stained and unstained preparations revealed no differences. Glycogen. The glycogen content was determined by removal of glucose and glucose esters using methanol, and acid hydrolysis of whole glands to convert glycogen to glucose (4). Glucose was then determined by a glucose oxidase technique (5).
RESULTS
Effect of age and sex on lactate production. It has been previously noted that the size of human eccrine sweat glands increases with general body growth and that males have larger sweat glands than females (6). These differences in size were quite apparent during the dissection and are reflected in the relative rates of lactate production from children (younger than 15 yr), females, and males, as shown in Table I .
Effect of glucose on lactate production. Fig. 1 shows the rates of lactate production in adult male glands incubated in the absence of glucose, with 0.1% glucose (0.0056 mole/liter), or with 1% glucose (0.056 mole/liter). In the presence of 0.0056 M glucose, lactate production increased from control levels of 1.53 ±0.14 nmoles/gland per hr to 2.72 ±0.43 (mean ±SEM). Response to pharmacologic stimuli. Mlethacholine or epinephrine, each at a concentration of 0.001 mmole/ liter, was added in several experiments to see if either had a stimulatory effect on lactate production (Table  II) . The stimulatory effect of mecholyl could be abolished with 0.01 mm atropine but the stimulatory effect of epinephrine was unaffected.
Glycogen content. Analysis of glands from nine male adults, before incubation, showed the glycogen content to be 0.98 ±0.12 nmoles/gland (mean +SEM) (ex- Electron microscopy studies. Following many, but not all incubations, glands were fixed in glutaraldehyde and prepared for electron microscopy. As can be seen in Fig. 2 , the ultrastructure is quite intact, indicating that neither the dissection nor subsequent incubation had significantly damaged the gland.
DISCUSSION
These studies demonstrate that it is possible to isolate human eccrine sweat glands and perform in vitro studies of their metabolism. The glands appear not only Metabolic Studies of Isolated Human Eccrine Sweat Glands FIGURE 2 Human eccrine sweat gland. After incubation for 1 hr, the gland was fixed and prepared for electron microscopy. This is a cross section through the secretory portion showing both dark and light cells. X 7800.
fore suggest that glucose must also be utilized as a substrate for the metabolism of eccrine sweat glands. The present studies demonstrate the dependence of lactate production on glucose concentration and are thus in accordance with the utilization of both glycogen and glucose during sweating.
Although sweat glands contain numerous mitochondria and are abundantly supplied with well oxygenated blood during thermal sweating, this tissue appears to metabolize glucose and glycogen primarily anaerobically as evidenced by the large amount of lactate produced both in vivo and in vitro. Indeed, Weiner and van Heyningen (10) calculated that anaerobic metabolism of either glycogen or glucose to lactate would be sufficient to account for the energy of formation of even the most dilute sweat. The studies of oxygen consumption show that for the 1.5 nmoles/hr of lactate produced less than 0.004 nmoles (or less than 1%) are metabolized aerobically.2 'Due to the problem of oxidation of substrate by means other than glandular metabolism (such as bacterial metabolism), glucose was omitted from the medium during the studies on oxygen consumption It is therefore possible that in the presence of glucose there might be more than 1% aerobic metabolism; but even with such a possible change, the metabolism would still be largely anaerobic, as suggested by the glucose-dependent increases in lactate metabolism in vitro.
